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(54) Discliarge iannp 

(57) A planar discharge lamp is made by photo-etching a plate 1 e.g. of eilicon to form an array of pillars 11 
within a peripheral wall 1 2. A second plate 2 e.g. of borosilicate glass bonded on top of the plate 1 e.9. 
electrostatically. Internal surfaces of the lamp are coated with a dielectric UV-reflectlve layer (20) and with a 
fluorescent layer (21). The lamp Is evacuated and filled with a discharge gas includmg a buffer gas and 
mercury vapour, and is suitable for back-lighting instruments or other displays. 
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PLANAR LAMPS AND METHODS OF MANUFACTUlRE 

This invendon relates to planar lamps and methods of mami&cture of such lanqss. 

The mvention is more paiticulaiiy concerned ^th planar discharge lamps such as used 
for badc-ligbting instiuments or other displays. 

A planar discharge lamps can be a compact light source with an even iUumination over 
its surface. These lamps have two transparent, glass plates enclosing a volume of discharge gas 
at reduced pressure. The low pressure within the lamp can lead to deformation of the plates 
unless th^ are made very tMck or some form of internal support is provided. In order to keep 
weight and size to a minimum, it is genially preferred to use relatively thin plates and to 
support these internally. Examples of lamps, including an array of internal pillars to support the 
plates, are shown in WO 90/00075, GB 2244855, GB 2247563, GB 2247977, 
GB 22S4724, GB 2261320, GB 2274191 and GB 2269700. 

In these arrangements, the pillars are formed from the same material as the plates and 
are produced by mechaiucaliy machining away parts of a surface of one or both plates. This 
machining process adds con^derably to the cost of the lamp. 

It is an object of the present invention to provide an improved planar lamp and a 
method of making such a lamp. 

According to one aspect of the present invention there is provided a method of making 
a planar lamp comprising the steps of providing a first plate with a surface of a first material, 
photo-etching the surface of the plate to remove r^ons of the plate such as to leave an array 
of pillars within a peripheral wall of the first material, and bonding a second plate on the first 
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plate so that the second pkte is supported on the first plate by the pffl 
evacuating tiie lamp and filling it with a dischaige gas at reduced pressure. 

The method may include the step of applying a fluorescent lay^ to internal ivall sur&ces 
of the lamp* The method may inchide the step of applying a UV-reflecth^e layer, vA&sAl b 
preferably erf" a dielectric material, to internal wall suffices of the lamp. The second plate is 
prdbably bonded to the first plate by electrostatic bonding. The method may mchide the stq> 
of depoatmg a metal layer on vertical wall surfaces of the pillars. A perforated mask may be 
placed over the pillars during the step of depositing the metal layer. The first materia! is 
preferably silicon. The second plate is preferably of a boroalicate glass. The method may 
inchide the stq> of filling the lanip with a buflfer gas and a mercury vapour. 

According to another aspect of the present mvention there is pro\aded a lamp made by 
the method of the above one aspect of the invention. 

Accordu^ to a finther aspect of the present mvendon there is prodded a planar lamp 
indudfaig two plates at least one of which is transparent, one of said plates bding photo-etched 
on one suifice into an mzy of pillars withm a peripheral wall, the space between the plates and 
the paiars bdng filled with a discharge gas at reduced pressure, and the lamp having two 
electrodes at opposite sides of the plate arranged to cause discharge within the lamp. 

The one plate is prderably of silicon and the other of the plates is prefmbly of a 
boro^icate glass. 

A fluorescent cfischarge lamp according to the present invention, will now be desmbed, 
by way of example, with reference to the accompanying drawings, m which: 

Figure 1 is a sectional elevation ^ew of the lamp; 
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Figure 2 shows a part of Figure 1 to a greater scale; 
and 

Figures is a plan view of the lamp illustrating 
two different layouts of pOlars. 

The lamp is square^ being 88nun by 88mm and vnth a thickness of 2«5nun. The lamp 
comprises an upp«r plate I of silicon and a lower plate 2 of a borosilicate glass, wfaidi may be 
doped with cerium oxide to render it stable under dectron and UV radiation. This glass is of a 
kind produced by PiUdngton PE Ltd - Space Technology under the name CMZ. The glass 
material has a thennal expansion closely matched to that of ^icon and is described in 
EP026I88S and USS017S21. The lower plate 2 is flat and unintemipted on both sides except 
for a short glass pump port 3 projecting centrally from its lower surface and two buried 
deposited conductors IS and 16 extending across the width of the plate on its upper sur&ce at 
opposite ends. The lower plate is O.Smm thick. 

The upper plate I is of silicon with a flat unintemipted upper surfkce 10 and a thidcness 
of 2.0nun. The lower surface of the silicon plate 1 is photoetched to remove re^ons of the 
plate and leave an array of vertical pillars 1 1 with a peripheral wall 12. The pillars 1 1 and the 
wall 12 are l.Smm high, makmg the upper part of the plate 1, above the pillars, O.Smm thick. 
The pillars 1 1 are preferably lozenge-shape in section, as shown in Figure 3, with a width w of 
Imm. The pillars 1 1 are arranged in rows with one pair of sides of each pillar aligned with one 
anoth«- along the row. In the left-hand of Figure 3, the pillars 1 1 are shown arranged in rows 
extending along the length of the lamp; in the right-hand of the Rgure, the rows extend across 
the lamp. In both airangements^ the spacing c between the rows is equal to the width of the 
pillars, that is, it is 1mm, and the acute angle 6 of the walls of the pillars to one another is 71^. 
The spacing s between adjacent pillars is 1 .35mm so that the gap g between the most forward 
edge on one pillar and the rearmost edge of the adjacent pillar is equal to the mdth (1mm) of 
the pillars. At each end of the lamp, within the wall 12, there is a comb-shape electrode S and 6 
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made from a sheet of aDoy such as Kovar. TTie dectiodes 5 and 6 each have a row of aheniate 
teeth 7 and slots 8 inclined at an angle of 30» to the nonnal to the length of the electrodes. 
Connection to the dectrodes 5 and 6 is made by means of the conductors 15 and 1 6. 

The lower plate 2 has a dielectric coating 20 reflective of light m the UV part of the 
spectrum. The coatmg 20 extends across the floor area of the lower plate 1 and beneath the 
pillars 11 Andimimhm,hqrer20',l-2Mmthick.facoatedonthevertica!w^ 
pfflars 1 1 by deposition. A perfi>iated metal mask (not shown) Is phced on the undeiside of the 
phite 1 ^gainst the lower suifice of the plate between the pillais 1 1 to prevent the metal coating 
being deposited on this surftce. The mask Is removed after the layer 20- has been formed. Hie 
upper plate I "ay also have a UV-reflective didectric coating extending waoss its 
suifece between the pillars although this may be omitted because of the difficuhy of dqwsith* 
a thin didectric layer on a surlhce populated with pillars. On top of the reflective coatmgs 20 

and 20- there is a phosphor layer 21. wfaidi is fluorescem at one or more of the wavdengths of 
radiationproducedbydischargewithinthelamp. The phosphor layer 21 covere that part of the 
floor area of the lower ptate 1 not occupied by the pillars 11 and also extends up the vertical 
sides of the piUars. There is no phosphor layer on the lower sui&ce of the upper plate 1. 



The lamp is evacuated to low pressure and contains a mereuiy disduuge 



vapour. 



a 

luces 



In operation, a high altematmg voftage is appSed across the electrodes 5 and 6 from 
power source 30 to cause cold-cathode discharge within the lamp. The disdiarge prodi 
visible radiation and UV radiation. The UV radiation produces fluorescem* of the phosphor 
21 to increase the mtensity of visible radiation. The reflective coatings 20 and 20" reflect aiy 
UV radiation passing through the phosphor 2 1 bade through the phosphor and mto the 
disdiaige spac^ to mcrease fiirther the amount of visible radiation produced. \r«ibie radiation 
produced directly by the discharge, by reflection from the internal surfeces. or by fluorescence, 
emerges from the lamp through the upper plate 1. whidi is ti^msparent to visible radiation. 
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The lamp is mamifectured by photoetching a flat sDicon wafer to the required depth to 
produce the peripheral wall 12 and the pillars 1 1 in the upper plate 1, The didectric coating 20 
is then formed on the upper surface of the lower plate 2. The coating 20 may be multi-layer 
coatings of alternate quarter-wavelength layers of sapphire. Instead of sapphire, ^^cfa is an 
oxide of aluminium, oxides of dysprodum, scandium or tantalum could be used. The reflective 
coating has an upper layer of alica, less than one quarts of a wavelength thidc 

The phosphor layers 21 are thro deposited on the upper and lower plates I and 2, and 
the conductors 1 S and 1 6 are deposited at the edges of the lower plate, which may be a multi- 
layer alloy of Ti J»d:Ag deposited to a depth of 10 microns. 

The upper and lower plates 1 and 2 are then bonded together electrostatically by raising 
the temperature of the assembly to between 400** and 500X and applying pulses of 
electrostatic energy across the glass-silicon interface. This induces ion migration into the upper 
silica layer in the coating 20 and results in strong ioiuc bondmg between the two mateiials. The 
undeilying CMZ glass and silicon materials have closely matched thermal characteristics so 
there is little difl&rential thermal expansion on thermal cycling. 

This produces an enclosed envelope that is subsequently evacuated through the exhaust 
port 3 in the lower plate 2. The envelope is then filled with a buffer gas, such as aigon, and 
with mercury vapour at low pressure; the port is then sealed closed. This completes the lamp. 
Alternatively, prior to electrostatic bondmg, a number of getter/dispenser rings, such as those 
manufactured by SAES Getters Ltd, may be placed around several of the pillars 11. The getter 
rings contain a total of about 2-3 mg of mercury in the form of a titanium-mercury alloy and 
30mg of a zirconium based alloy, which forms the sorbing (non-evaporable) getter material. 
After the envelope has been filled with the buffer gas and the port 20 sealed, the rings are 
activated RF heating using a hand-held coil suitably focussed. This activation liberates 
mercury and causes the sorbing getter to commence operation. Tlus provides a long-term 
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absMption of the small quantities of impurities that leech out of the lamp structure durii« its 



Because the pillars 11 supporting the plates 1 and 2 are produced by photo-ctdnng, this 

avoids previous expensive machimng processes. Assembly and seaKiB of the two plates is also 
fidCtated. 
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CLAIMS 

1 . A method of making a planar lamp comprising the steps of providing a first plate with 
a sur&ce of a first material, photo-etchuig said surface of the plate to remove rei^ons 
of the plate such as to leave an array of pillars vAtban a peripheral wall of the first 
material, and bondmg a second plate on the first plate so that the second plate is 
supported on the first plate by the pillars and the wall, evacuating the lamp and filling it 
with a discharge gas at reduced pressure. 

2. A m^od according to Claim 1, wherein the method includes the step of appl^ng a 
fluorescent l^er to internal wall sur&ces of the lamp. 

3. A method according to Claim 1 or 2, including the step of applying a UV-reflective 
layer to internal wall sur&ces of the lamp. 

4. A method according to Claim 3, wherein the UV-refiecth^ layer is of a didectric 
material. 

5. A method according to any one of the preceding claims, wherein the second plate is 
bonded to the first plate by electrostatic bonding. 

6. A method according to any one of the preceding cl^ms, wherein the method mcludes 
the step of depositing a metal layer on vertical wall surfaces of the piQars. 

7. A method according to Claim 6, wherein a perforated mask is placed over the pillars 
during the step of depositing the metal layer. 

8. A method according to any one of the preceding claims, wherdn the first material is 
alicon. 



BNSOOCIO: <GB_228470aA_l_> 



8 



9. A method according to any one of the preceding daims, wherein the second plate is of 
aboroaficate 0ass. 

10. A method according to any one of the preceding cMms, ivfaerein the method includes 
the st^ of fining the lamp with a buffer gas and mercury vapour. 

11. A method substantially as herembefore described with reference to the accompanying 
drawu^. 

12. A lamp made by a method according to axiy one of the prececfing daims. 

13. A planar lanip including two plates at least one of winch is transparent, wfaerdn one of 
said plates is photo-etched on one sur&ce into an array of pillars within a peripheral 
wall, i^erdn the space between the plates and the pillars is filled with a discharge gas 
at reduced pressure, and wherein the lamp has two electrodes at opposite rides of the 
plate arranged to cause disdiaige within the lamp. 

14. A lamp according to Claim 13, wherein said one plate is of alicoa 

15. A lamp according to Claim 13 or 14, whwein the other of the plates is of a borosflicatc 
glass* 

16. A lamp substantially as hweinbefijrc described with reference to the accompanying 
drsMngs. 

17. Any novd feature or combination of features as hereinbefore desaibed. 
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